The hydrogen absorption and the formation of the hydride phase at cathodic polarization of annealed α-Ti have been studied by the kinetic hydrogen extraction and by the X-ray diffraction methods. The electrochemical parameters of cathodic hydrogen charging have been selected in order to obtain the hydrogen present in the solid solution of α-Ti lattice and the hydride phase to be formed. In 2M NaOH solution, the hydride phase has been already formed at cathodic polarization lower than 1 mA/cm 2 . In the case of 0.1M NaOH, the polarization regions (i) of hydrogen dissolution in the solid phase (ii) of hydride precipitation and (iii) of formation the increased amount of hydride phase have been distinguished in the course of application of increased cathodic polarization. Hydrogen dissolved in the metal lattice produces its dilatation, whereas presence of hydride phase causes the contraction of Ti lattice. Increased cathodic polarization causes the increase it the amount of hydride phase and the increase in the hydrogen content in TiH X phase as well.
INTRODUCTION
The maximum solubility of hydrogen occupying the tetrahedral holes in hcp α-Ti attains 0.2 wt % at 300 0 C [1 -3] and decreases to 0.001 -0.003 [1, 2, 4] wt. % at RT. At the higher amount of absorbed hydrogen, the TiH x hydride of the fcc structure is formed [1 -3, 5 -7] . Increase in the hydrogen content in that hydride causes the increase in its lattice parameter from about 4.407Å at x = 1.5 to 4.434 Å at x =1.9 [7] and to 4.44 [2] -4.45 Å [6] at x=2. However, the formation of the tetragonal structure of TiH 2 hydride with the lattice parameters a = 3.12 Å and c = 4.18 Å. [8] has been also reported [3, 7, 8] . Most studies have showed that hydrogen occupies the tetrahedral holes in hydride [1 -3, 6] , whereas the occupation of the both, tetrahedral and octahedral sites (depending on the hydrogen content and temperature) has been also suggested [9] .
The minor change in the arrangement of the parent metal atoms at passing from the hcp lattice of α-Ti to the fcc (or tetragonal) lattice of hydride and the occupation of the similar sites by hydrogen atoms in solid solution and in hydride structure cause the easiness of the solid solution-hydride transformation [1, 3] . However, due to the difference in the lattice volume of both phases [7, 9] the stresses have been introduced into the metals [10, 11] and into the hydride [4] . Defects formed in Ti at the hydride precipitation provide the trapping sites for the hydrogen atoms [10] . Therefore, the hydrogen as the atoms dissolved in the α-Ti lattice, as trapped by defects and present as a constituent of the hydride phase may occur at the hydrogen charging of Ti.
At exposition of α-Ti to electrolytes, the formation of the continuous hydride layer [2, 4, 12] , the hydride precipitates [2, 13 -15] or the hydrogen dissolution in the metal [10] may occur depending on the solution chemistry and pH, the applied potential, used temperature and time. The hydrogen absorption, and thus the amount of hydride phase increases at increased cathodic polarization [4, 16] and time of charging [17] . In the case of acid solutions, the continuous surface layer of hydride is formed immediately [2, 4] at application of cathodic current below 5 mA/cm 2 [4] . Cathodic charging in the near neutral or alkaline electrolytes causes the lower hydrogen absorption and the formation of the needle hydride precipitates [13] . Decrease in the concentration of electrolyte also results in the lower hydrogen absorption [16] .
The hydrogen charging of α-Ti has been usually associated with the embrittlement of the metal [2, 11] . The stated in [18] decrease in the shear modulus of α-Ti may reveal its softening due to the hydrogen charging. However, it has been not clear whether decrease in the shear modulus occurs: 1) due to the intrinsic softening of α-Ti lattice, 2) due to the formation of hydride phase having lower hardness [19] or 3) due to the increase in the dislocation density in the metal at the hydride formation.
Although the processes of the hydride formation and transformation has been intensively studied, the effect of dissolved hydrogen on the lattice parameters, stress and strain state and on the elastic properties of α-Ti has not been fully recognized. The aim of present work was to study the effect of hydrogen dissolution and hydride precipitation on the state of the α-Ti lattice at cathodic charging under the specially selected mild electrochemical parameters.
MATERIALS AND EXPERIMENTAL PROCEEDURE
The specimens were cut from the 1 mm sheet of 99.99% Ti. Since the hydrogen absorption has been found to be lower in alkaline than in acid solutions [13, 20] , the 0.1M and 2M NaOH have been selected as the test electrolytes. Solutions were prepared from the NaOH of spectral purity and the double distilled water. Specimens were polished with 600 mesh abrasive paper and immediately subjected to hydrogen charging. Hydrogen charging has been done galvanostatically in nondeaerated solutions at cathodic polarization within the range 0.1 to 1250 mA/cm 2 for 30 or 60 min. After hydrogen charging, specimens were rinsed, dried and cut. The parts of the same specimen were subjected to the measurements of the hydrogen extraction and to the X-ray diffraction. The kinetics of hydrogen thermal extraction was evaluated by the Hydrogen Analyzer AV-1 ® [21] . The amount of extracted hydrogen was recorded during the specimen heating up to 800 0 C with the constant heating rate 10 0 /s. The X-ray diffraction spectra were recorded on Brucker AXS D8 diffractometer at Cu k α  radiation. The phase composition and the lattice parameters of individual phases were evaluated form the analysis of the obtained spectra using the JCPDS PDF-2/2001 database [8] . In the case of hexagonal α-Ti, the parameters a and c were calculated taking into account lines hk0 and 00l [22] , respectively. The elastic strain of α-Ti lattice in direction normal to the specimen surface, caused by hydrogen charging was calculated according to equation (1):
where: d 0 and d ┴ -interplanar distance for the pure and for the hydrogen charged α-Ti lattice, respectively.
RESULTS
The hydrogen thermal desorption spectra obtained for cathodically charged specimens reveal the hydrogen extraction peaks at about 500 0 C and about 650 0 C, the height of which depends on the applied electrochemical parameters.
The 650 0 C peak forms at cathodic polarization above 2 mA/cm 2 in 0.1M NaOH for 30 min, cf. Fig. 1a . The peak height remains roughly constant with the increased cathodic polarization and then substantially increases at high polarization (Fig. 1b) . At polarization lower than 10 mA/cm 2 ( Fig.2a) , the peak height does not change with the time of polarization, whereas at higher cathodic polarization it increases with the prolongation of cathodic polarization (Fig. 2a) . In the case of 2M NaOH, the 650 0 C peak has been formed at the lowest applied polarization and at the similar current it has been much higher than that formed at charging in 0.1 M NaOH solution (Fig. 2b) . Beside the high temperature peak, the smaller but quite distinctive peak has been detected on the hydrogen extraction spectra at 500 0 C. The height of that peak decreases with the increased cathodic polarization, up to the height corresponding to that measured for the as received material, cf. Fig. 3 . The obtained X-ray spectra reveal no effect on the phase composition at cathodic polarization lower than 5 mA/cm 2 in 0.1M NaOH (Fig. 4a) . Above that polarization, the hydride phase can be detected. The intensity of hydride lines corresponding to the amount of hydride phase remains constant at increased cathodic polarization and then rapidly increases (Fig. 4b) . Prolongation of charging time at low polarization does not cause the hydride formation, whereas at higher polarization the hydride line intensity increases with the time, revealing the increase in the hydride content, cf. Fig. 5a . At the similar cathodic polarization, the more intensive hydride formation takes place at charging in the 2M NaOH than in the 0.1M NaOH one (Fig. 5b) According to the JCPDS PDF-2/2001 database [8] the formed hydride phase corresponds to the hydride TiH 2 of tetragonal structure (file 09.0371) with the lattice parameter a = 3.12 Ǻ and c = 4.18 Å. In the studied case, the lattice parameter a of the hydride changes at increase cathodic polarization in 0.1M NaOH, and have been measured as being 3.1161 Ǻ, 3.1173 Ǻ and 3.1244 Ǻ at polarization 10 mA/cm 2 , 400 mA/cm 2 and 1250 mA/cm 2 , respectively. Because of the low intensity of appropriate diffraction lines, the lattice parameter c of hydride cannot be calculated with the good accuracy for the studied materials. The hydrogen charging affects the state of the α-Ti lattice. At the low cathodic polarization, the both lattice parameters (a and c) are slightly larger in comparison with the as received Ti, whereas increase in polarization above about 200 mA/cm 2 causes the substantial decrease in both parameters ( Fig. 6a and 6b) . The ratio of c/a in the material mildly cathodically charged is slightly lower than that in pure Ti, but drastically increases at polarization above 200 mA/cm 2 , cf. Fig. 6c . The straining of the α-Ti lattice due to the hydrogen charging as calculated according to equation (1) is shown in Fig. 7a . At polarization below 200 mA/cm 2 , the hydrogen causes the expansion of lattice, whereas at much higher cathodic polarization, the lattice compression takes place. Fig. 7b shows that the hydrogen charging at low cathodic polarization expands the diffraction lines width, whereas high cathodic polarization causes their shrinking.
DISCUSSION
In accordance with the data obtained in [16] , the cathodic polarization of α-Ti from the more concentrated electrolyte causes the higher hydrogen charging: in 2M NaOH solution, the hydride phase has been formed at the lowest applied cathodic polarization. In the case of 0.1M NaOH, the several ranges of cathodic polarization differently affecting the hydrogen behavior may be distinguished. Fig. 8 compares the height of the 650 o C hydrogen extraction peak, the intensity of the hydride diffraction line and the lattice parameter of hydride at application of increased polarization. The above parameters reveal the amount and the state of absorbed hydrogen [10, 11] , the presence and the amount of hydride phase and the stoichiometry of the formed hydride [7] , respectively.
It is seen that at polarization lower than about 5 mA/cm 2 no hydride is formed, whereas the massive formation of hydride occurs at cathodic polarization above 200 mA/cm 2 in 0.1M NaOH solution.
From the processing of the obtained hydrogen extraction spectra, the differently bound hydrogen can be evaluated. The formation of extraction peak at 550-650 0 C has been accounted in [6, 11] for the dissolution of hydride. The broadening of the peak and its shift to the lower temperature have been explained by the extraction of hydrogen trapped by the structural defects of high concentration. However, in [10] the peak at about 200 0 C has been attributed to hydride dissolution, whereas the peak formed at about 650 0 C has been explained by the extraction of hydrogen deeply trapped at defects induced by the hydride formation. The similar explanation of the nature of the subsequent extraction peaks have been also done for aluminides [23, 24] .
In the studied case the substantial increase in the height of the 650 0 C extraction peak occurs at the high cathodic polarization and correlates with the distinct increase in the intensity of the diffraction lines and hence with the distinct increase in the amount of hydride (Fig. 8 ). This may suggest that the 650 o C peak corresponds to the extraction of hydrogen from the decomposed hydride phase, in agreement with the suggestions done in [6, 11] . However, the 650 o C peak has been observed on the extraction spectra at polarization lower than that corresponding to the formation of hydride phase, cf. Fig 1. It has been suggested [25, 26] that the precipitation of the hydride phase has been preceded by the formation of some precursors or the areas of defected lattice supersaturated with hydrogen. Therefore, the high temperature peak observed in metal not reveling the hydride phase may be associated with the hydrogen extraction from those areas. However, the more precise studies are of an interest.
The low temperature peak already observed at the low cathodic polarization (Fig. 3 ) should be associated with the hydrogen dissolved in the α-Ti lattice. It is interesting to note that the hydrogen content in the α-Ti lattice decreases when cathodic polarization produces the formation of hydride (cf. Figs 3 and 4b) . This may reveal the depletion of the solid solution with hydrogen at the hydride precipitation.
Within the intermediate polarization region the hydrogen exists as dissolved in the metal lattice and as that forming the hydride precipitates. The hydrogen ingress changes the state of the α-Ti lattice due to the formation of solid solution. Dissolved hydrogen increases the lattice parameters (Figs. 6a and 6b) but slightly decreases the c/a ratio (Fig. 6c ). This may be accounted for the occupation of the tetrahedral holes in α-Ti lattice by incorporated hydrogen atoms, in accordance with [1, 3] . As a result, the lattice becomes slightly flattened despite its expansion (Fig. 7a) . The metal straining within the low and intermediate regions of polarization may also suggest the increase in the width of diffraction lines, since the widening of the lines corresponds to the decrease in the size of the areas of the coherent scattering [22] . As follows from Fig. 8 , the amount and the stoichiometry of the formed hydride phase remain roughly nonaffected by the increase in polarization within the intermediate polarization region.
At the high cathodic polarization, the massive formation of hydride phase has been accompanied by the change of its stoichiometry [7] as follows from the increase in the hydride lattice parameter cf. Fig. 8 . The intensive formation of hydride results in the deformation of the α-Ti lattice (Fig. 6c) . Because of the big difference (up to 23 % [27] ) between the lattice volume of α-Ti and hydride, the hydride formation should introduce the stresses within the metal. Indeed the compression of the α-Ti lattice (Fig. 7a) has been observed at the high cathodic polarization. The observed decrease in the diffraction line width (Fig. 7b) corresponding to the increase in the size of the areas of coherent scattering may suggest that the hydride precipitates of crystallographic orientation [7, 13] produce some dislocation ordering within the stressed Ti.
The more pronounced changes of the Ti lattice occurred at still increased polarization might be the result of increased amount of hydride phase and of increased lattice parameters of hydride, as well. 
